ABSTRACT
INTRODUCTION
nited States Department of Labor workforce projections for 2018 indicate that nine of the 10 fastest growing occupations will require substantial science or mathematics education (National Science Board, 2010). Science, Technology, Engineering, and Mathematics (STEM) fields play a critical role in shaping culture and economic development through innovation, creativity, and problem solving. According to Bottoms and Uhn (2007) , employers are looking for candidates who possess strong STEM backgrounds. If the United States is to remain globally competitive it must improve STEM literacy in the K-12 classroom and commit to a critical initiative of ensuring that all students develop the knowledge and skills to fully participate in the 21 st century workforce (NAS, 2010) . For students in K-12 to acquire the skills and knowledge necessary to pursue college degrees in STEM programs, it is critical to cultivate their interests in STEM subject areas early in their education (Denissen, Zarrett, & Eccles, 2007; Jeffers, Safferrman, & Safferman, 2004; Shuen, et al., 2011) . Furthermore, a primary predictor of whether students pursue a STEM career upon completion of high school is their interest in a STEM career at the beginning of high school (Sadler, Sonnert, Hazari, & Tai, 2012) . Maintaining interest in STEM subject areas is even more critical for girls. Throughout high school, Sadler et al. (2012) noted that the "percent of males interested in a STEM career remained stable (from 39.5 to 39.7), whereas for females it declined from 15.7 to 12.7" (p. 411).
According to the report Why so Few (AAUW, 2010), girls' interest and achievement in STEM subject areas is affected by historical and invalid stereotypes that impact a girl's perception of her ability to perform well in those academic areas. Two stereotypes prevalent in the literature are boys are better at math and science than girls, and science and engineering careers are better suited for males ( 
RELATED LITERATURE
Research has shown that for STEM subject areas girls learn best in environments that promote collaborative learning, hands-on experiences, creativity, and practical applications (AAUW, 2000; Campbell et al., 2002; Kafai, 1998; Koch, 2002; Wenglinksy, 2000) . Given that girls' interest in STEM careers is impacted by their interest in STEM subject areas (Sadler et al., 2012) , it is important to distinguish specific skills and activities in K-12 education that help to cultivate girls' interest in STEM subject areas. Problem solving and creativity and design have been identified as essential skills in students' STEM development (Baine, 2009; NAE, 2008) . Modi, Schoenberg, and Salmond (2012) found that for girls who are interested in STEM, 87% also indicated an interest in problem solving; compared with those girls not interested in STEM, only 70% indicated an interest in problem solving.
Three pedagogical methods that use a problem solving approach are Problem-based Learning, Projectbased science, and anchored instruction. Problem Based Learning (PBL),an instructional method originally developed in medical schools, has become increasingly popular in K-12 and higher education (Hunt, LockewoodCooke, & Kelley, 2010; Hmelo-Silver, 2004). University STEM degree programs are also finding success with PBL (e.g., Davis, Lockwood-Cooke, & Hunt, 2011; Hunt et al., 2010) . This method of instruction encourages students to work collaboratively in small groups to solve challenging, realistic ill-structured problems. PBL is an iterative process that encourages students to 1) identify the problem; 2) research the problem, determine the root cause(s), and clarify the problem; 3) collaboratively generate alternative possible solutions; 4) assess the strength and weaknesses of the potential solutions; 5) determine the best solution; 6) test the solution; and 7) establish criteria for determining the effectiveness of the solution (Hmelo-Silver, 2004).
Project-based Science (PBS) is a pedagogical method grounded in problem solving experiences specific to scientific inquiry (Krajcik et al., 1998) . In this approach, the problem is addressed through the scientific inquiry process (i.e., prediction, observation, explanation). Components of PBS include: 1) a rich, complex driving question that is relevant to students' lives, 2) production of artifacts, 3) student-centered learning, 4) collaboration, 5) accountability, 6) authentic use of technology, 7) interdisciplinary and cross-disciplinary inquiry, 8) extended time frame, and 9) valid and reliable performance-based assessment (Colley, 2008, p. 25) .
Anchored instruction is grounded in a story illustrated through visually-rich environments using technology that puts students in the context of a problem. Principles of anchored instruction include: 1) a realistic event, in which the problem is anchored or focused, 2) students take ownership of the problem and determine how to break down the problem into smaller components (sub-problems), and 3) students take on different perspectives or roles to identify solutions (Bransford, Vye, Kinzer, & Risko, 1990) . Knowledge gained through anchored instruction is highly transferable to other real life situations.
Common across all problem solving approaches to learning is that the problem and potential solutions are the motivators for student learning. Collaboration is another key aspect to all three problem-solving approaches. Well-devised problems in any of these instructional methods often require students to draw from and apply their knowledge from different content areas and communication skills to generate viable solutions. In addition to drawing knowledge across multidisciplinary subjects, participating in a curriculum with problem-solving experiences fosters higher levels of epistemic and intellectual development in students (King & Kitchener, 1994; Schraw, Dunkle, & Bendixen, 1995 Creativity is such an integral component in engineering and the other STEM fields that some are advocating for a re-focus on STEM to include the arts, recognizing that creativity and innovation skills are necessary in STEM programs and fields (White, 2010) . According to Diaz and Cox (2012) , while it may not be explicit, at the core of hands-on engineering outreach activities at the K-12 level is the concept of the design process. Additionally, outreach programs that use an art-based thematic approach to bridge the gap in familiarizing middle and high school students with engineering concepts are becoming more prevalent Many extra and after school activities (e.g., state science fair, math clubs, 4-H, Mindstorm), provide girls with experiential learning that incorporates problem solving and creativity and design skills as well as providing investigative opportunities into academic areas that are not part of the regular school day. These extracurricular activities play an integral role in shaping interest in STEM subject areas and careers (Bruyere et The purpose of this study was to determine the extent to which girls' interest and confidence in two key STEM development areas, problem solving and creativity and design, predict their interest in STEM subject areas. Additionally, we explored in which extracurricular activities girls were involved that had higher levels of participant interest in problem solving and creativity and design.
METHODS
Three research questions guided this study:
Is there a statistically significant difference between girls' interest and confidence in a) problem solving, and b) creativity and design? 2.
To what extent does a girl's age, interest in problem solving and creativity and design, and confidence in problem solving and creativity and design, predict their interest in four STEM subject areas: a) science, b) math, c) computer, and d) engineering? 3.
Of the extracurricular activities that girls participated in, which activities showed the highest participant mean interest in a) problem solving and b) creativity and design?
Data Collection Procedures and Sample
Data were collected using a 47-item survey instrument developed by the authors to explore the STEM experiences of middle school and high school girls. Questions on the survey instrument were developed based on theory and prior research regarding the experiences of girls in STEM subjects and activities. The instrument includes four sections: experiences in math and science classes related to teaching factors, extracurricular and after-school involvement, interest and confidence in STEM subject and skill areas, and demographics. Surveys were distributed at three career conferences for girls conducted by The Program for Women in Science and Engineering (PWSE) at Iowa State University (ISU). The PWSE K-12 Outreach Program provides STEM outreach programming for over 9,000 K-12 students per year. One of PWSE's signature outreach programs is the Taking the Road Less Traveled Career Conference for Girls (TRLT). Three conferences are conducted per semester on the ISU campus for 6 th -12 th grade girls, parents, teachers, and counselors.
Prior to the start of conference activities, attendees were asked to voluntarily complete the Girls STEM experiences survey. By completing the survey prior to the start of conference activities, we were able to get a more accurate measure of participants' interest in STEM subjects and skills without the influence of conference activities focused on STEM career awareness. A total of 885 middle school girls and 398 high school girls attended one of the three TRLT conferences with 75% of middle school girls (n = 629) and 72% of high school girls (n = 286) completing and returning surveys for a 71% overall response rate (n = 915). Participants' ages ranged from 11 to 18 (M = 13.83, SD = 1.54). A frequency distribution of participant demographic characteristics is reported in Table 1 . 
Variables and Analysis
Four dependent variables measuring interest in science, math, computer, and engineering subjects were investigated in this study. Each dependent variable was measured through participants' responses to survey questions asking them to rate their level of interest in each STEM subject area using a Likert-type response scale with 1 = not interested, 2 = slightly interested, 3 = interested, and 4 = very interested.
Independent variables included age (continuous scale), interest in problem solving and creativity and design, and confidence in problem solving and creativity and design. Interest was measured using the same Likerttype response scale as the dependent variables, and confidence was measured using the following Likert-type response scale where 1 = not confident (I don't think I do well in this activity area), 2 = slightly confident, 3 = confident, and 4 = very confident (I always do well in this activity area).
To answer the first research question, a paired samples t-test was used to determine if there was a difference between participants' interest and confidence in a) problem solving and b) creativity and design. Significant differences would help to verify that the concepts of interest and confidence were measuring different effects on the dependent variables as well as identifying whether participants were more interested than confident or vice-versa in problem solving and creativity and design. The second research question was answered by conducting four hierarchical multiple regression analyses, one for each of the dependent variables of interest in science, math, computer, and engineering. In hierarchical regression (sometimes referred to as sequential regression), independent variables are entered in blocks with order of entry specified by the researcher. By entering independent variables in blocks, the effects of each independent variable can be measured at its point of entry (Tabachnick & Fidell, 2007) . Three blocks were used for each regression model with the variable of age entered in the first block, followed by the two variables measuring interest in problem solving and interest in creativity and design, and in the final block the two variables measuring confidence in problem solving and confidence in creativity and design.
RESULTS
Initial screening of the data was conducted to ensure assumptions of data normality were met; an important consideration when conducting t-tests and multiple regression analyses (Green and Salkind, 2011). Furthermore, bivariate correlations for all independent and dependent variables revealed no instances of multicollinearity. Variables that are multicollinear (r >= .90) contain redundant information and are not needed in the same analysis (Tabachnick & Fidell, 2007) . The correlation matrix is shown in Table 2 . Because multiple correlations were computed, a Bonferonni approach to control for a Type 1 error was used to determine statistically significant correlations (Green & Salkind) . Thus, p < .0013 (.05/36) was used to identify statistically significant correlations noted with an asterisk (*) in Table 2 . Noteworthy are the statistically significant correlations between age and a) interest in creativity and design (r = -.16, p < .0013) and b) confidence in creativity and design (r = -.20, p < .0013) indicating that as girls get older they are less interested and confident in creativity and design.
Difference between Interest and Confidence
Results of the two paired samples t-tests indicated statistically significant differences between girls' interest and confidence for both problem solving and creativity and design. Specifically, girls in this study reported more confidence (M = 2.80, SD = .891) than interest (M = 2.74, SD = .946) in problem solving, t(967) = 2.67, p = .008. In the second paired samples t-test, girls in this study reported more interest (M = 3.30, SD = .843) than confidence (M = 3.08, SD = .901) in creativity and design, t(963) = 9.86, p < .001.
Predictors of Interest in STEM Subject Areas
Results of the four regression models are summarized in Table 3 with standardized Beta (β) coefficients listed for independent variables in each block. For each of the dependent variables in the full model, interest in problem solving was the only positive predictor that was statistically significant across all four regression models. Interest in creativity and design was a positive predictor for interest in computers and in engineering, but a negative predictor for interest in science. The variables of confidence in problem solving and creativity and design, as well as the variable of age, were not statistically significant predictors for interests in any of the STEM subject areas. Following are summative results for each of the four regression models. 
Model 1: Interest in Science
The full model significantly predicts 8% of the variance for interest in science, F(5, 909) = 16.25, p < .001 with interest in problem solving (β = .275, p < .001) as a positive predictor and interest in creativity and design (β = -.116, p < .001) a negative predictor. Results indicate that girls who are interested in problem solving are more likely to be interested in science; however, girls who are interested in creativity and design are less likely to be interested in science.
Model 2: Interest in Math
The full model significantly predicts 19% of the variance for interest in math, F(5, 909) = 43.89, p < .001. In block 2 and in the full model, interest in problem solving (β = .407, p < .001) was the only statistically significant predictor for interest in math.
Model 3: Interest in Computer
The full model significantly predicts 6% of the variance for interest in computer, F(5, 909) = 12.54, p < .001. In the first block, age (β = -.083, p < .001) was a significant negative predictor suggesting that as girls get older they are less likely to be interested in computers. However, age dropped out of statistical significance in the second and third blocks. In the full model, both interest in problem solving (β = .210, p < .001) and interest in creativity and design (β = .100, p < .05) predicted greater interest in computers.
Model 4: Interest in Engineering
The full model significantly predicts 9% of the variance for interest in engineering, F(5, 909) = 19.56, p < .001. Once again, both interest in problem solving (β = .237, p < .001) and interest in creativity and design (β = .086, p < .05) positively predicted greater interest in engineering, although interest in creativity and design to a lesser extent than interest in problem solving.
Extracurricular Involvement
The overarching goal of K-12 STEM outreach programs is to create an awareness of STEM opportunities and foster interest in pursuing, persisting, and graduating with a STEM degree, and finally choosing a STEM career post-graduation. K-12 STEM outreach programs may find it beneficial to know the extracurricular involvement of girls who are more interested in problem solving and creativity and design. Outreach efforts can then be specialized and targeted to specific extracurricular activities. Furthermore, encouraging girls who are not already participating in these programs to participate may foster interest in problem solving and creativity and design potentially leading to an increased interest in STEM subjects. (2008), it is important for students to begin associating the possibilities in STEM fields with the need for creativity and real world problem solving skills. The primary focus of this research was to determine the extent to which middle and high school girls' interest and confidence in two fundamental aptitudes for STEM professionals (problem solving, and creativity and design) influence their interest in STEM subjects. Our findings indicate that girls interested in problem solving are likely to be interested in all four STEM subject areas. These results support Modi et al.'s (2012) conclusion that girls who are interested in STEM also indicated an interest in problem solving. Interest in creativity and design was also a significant predictor for interest in computer and engineering subjects. This outcome may be a positive result from programs (e.g., Engineer Your Life, PWSE) implementing the messaging initiatives put forth in Changing the Conversation: Messages for Improving Public Understanding of Engineering (NAE, 2008) .
Interest in Problem Solving
Providing opportunities and developing curriculum that foster girls' interest in problem solving skills is a necessity to further their interest in STEM subjects, college degree programs, and careers. In a recent survey of engineering freshman, students cited the top reasons for what interested them in an engineering degree as "innovation/creativity/design, building things, math/science, practical/real world applications, knowing how things work, and problem solving" (Mertz, 2012 , p. 1). Our research supports an approach to cultivating interest in STEM subjects through instructional strategies that involve problem solving experiences (i.e., PBL, PBS, anchored instruction). It is well known that girls have historically chosen careers that have a positive social impact ("helping Interest in Creativity and Design fields"). Using pedagogical strategies like PBL provide students with a collaborative opportunity to solve a complex, realistic or real-world problem that not only motivates students to learn, but results in the formation of a relevant solution. This real-world problem solving approach creates that much needed link between STEM professions and careers that have positive social impact. In addition, STEM careers require the synergy of cross-disciplinary knowledge. Engaging girls using problem solving based strategies fosters the ability to develop and enhance this transferable skill.
Future Research
A somewhat unanticipated result in the regression analyses was that interest in creativity and design was a statistically significant negative predictor for girls' interest in science, while interest in creativity and design was a positive predictor for interest in computers and engineering subject areas. Additional research should be conducted to further investigate the disconnect between middle school and high school girls' interest in creativity and design and their interest in science.
What was not addressed in this research study is the extent to which different problem solving approaches to learning (i.e., PBL, PBS, anchored instruction) impacted girls' interest in the STEM subject areas. In other words, is there a problem solving pedagogical approach that works best in fostering interest in STEM subject areas.
Additional research should continue to look at age as a variable for interest in the STEM subject areas. Past research has indicated that girls' interest in STEM subject areas declines as girls get older (AAUW, 1998; Brotman & Moore, 2008; Catsambis, 1995; Fennema, 2000; Hebert & Stipek, 2005) . In this study, bivariate correlations showed statistically significant relationships between age and interest and confidence in creativity and design, but regression results indicated that age was a not a significant predictor for interest (or declining interest) in any of the STEM subject areas.
Finally, additional research should look further into the relationship between interest in problem solving and creativity and design and those after and extracurricular school programs identified with the highest participant mean interests in problem solving and creativity and design. To what extent do girls participate in activities like State Science Fair, Project Lead the Way, environmental club, and math club because they use problem solving skills in their activities or do the girls who participate in these activities develop interest in problem solving because of the activities themselves. And the same questions arise for the relationship between interest in creativity and design and student council, State Science Fair, volunteering, and environmental club. Furthermore, some activities that indicated high participant interest in problem solving indicated the lowest levels of interest in creativity and design (e.g., Project Lead the Way).
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